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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-1974 

BEHAVIORAL TESTING DURING A 7 -DAY CONFINEMENT : 

THE PATTERN DISCRIMINATION TASK 

By R o l l i n  M. Pat ton and Robert J. Randle, Jr. 

SUMMARY 

The performance of two subjec ts  on a p a t t e r n  discr iminat ion t a s k  w a s  
evaluated during a 7-day confinement i n  a s m a l l  capsule. The subjec ts  w e r e  on a 
4-hour-on, 4-hour-off duty cycle ,  with one subject  on duty a t  a l l  t i m e s .  
pa t t e rns  were presented i n  two sessions,  one at t h e  beginning and one at t h e  end 
of t h e  on-duty s h i f t .  Approximately 150 p a t t e r n  discr iminat ions were required of 
each subject  during each session.  Comparisons are made between performances from 
sess ion  t o  sess ion  wi th in  a s h i f t ,  between s h i f t s ,  and over days. The percent 
e r r o r  of p a t t e r n  discr iminat ions i s  used t o  provide a quan t i t a t ive  measure of t h e  
qua l i t y  of performance. 

The 

The qua l i ty  of performance improved during t h e  early por t ion  of t h e  confine- 
ment and declined during t h e  l a t te r  por t ion .  

Subject S ' s  performance w a s  a f fec ted  by t i m e  of day. H i s  best  performance 
w a s  on t h e  evening s h i f t s ,  next bes t  on t h e  night s h i f t s ,  and poorest  on t h e  day 
s h i f t s .  The e f f e c t  w a s  s t ronger  at t h e  beginning of confinement, and disappeared 
toward t h e  end. Subject R ' s  performance d id  not vary s ign i f i can t ly  with t i m e  of 
day. 

Comparison of data taken at t h e  beginning and end of each s h i f t  shows a 
wi th in-sh i f t  decrement f o r  subject  R t h a t  w a s  uniform over days of confinement. 
For t h e  f i r s t  days of t h e  confinement, subject  S showed a wi th in-sh i f t  improve- 
ment, but a wi th in-sh i f t  decrement at t h e  end. 

The hypothesis t h a t  under unfavorable conditions of day, s h i f t  or session,  
d i f f i c u l t  discr iminat ions would su f fe r  r e l a t i v e l y  g rea t e r  decrements than  easy 
discr iminat ions w a s  not confirmed. 

Performance of  t h e  t a s k  w a s  maintained a t  w h a t  appears t o  be a reasonably 
high l e v e l  throughout t h e  7-day confinement. This  result i nd ica t e s  t h a t  under 
t h e  conditions of t h i s  study prof ic iency i n  a p a t t e r n  discr iminat ion t a s k  can be 
maintained i n  a small capsule. 



INTRODUCTION 

The accomplishment of manned missions i n t o  space and plans f o r  more 
elaborate  ventures i n  t h e  fu tu re  have increased i n t e r e s t  i n  human response t o  
various unusual s i t ua t ions  and operating conditions t h a t  w i l l  e x i s t .  Necessary 
r e s t r i c t i o n s  of payload weight and s i z e  ind ica te  t h a t  t h e  extent of bodily move- 
ments and o f  t h e  perceptual  f i e l d  may be so  r e s t r i c t e d  t h a t  performance will 
degenerate. Studies of human response t o  confinement have been performed i n  v a r -  
ious labora tor ies  ( r e f s .  1 t o  9 ) .  The crew compartment h a b i t a b i l i t y  study con- 
ducted a t  t h e  Ames Research Center, of  which t h e  t e s t i n g  procedures reported here 
w e r e  a p a r t ,  was  unique i n  t h a t  t h e  confinement capsule r e a l i s t i c a l l y  simulated, 
i n  s i z e  and general  arrangement, a two-man space vehic le  such as i s  proposed f o r  
near fu tu re  missions, and closely evaluated a wide va r i e ty  of behavioral and 
physiological indices .  A descr ipt ion of t h e  h a b i t a b i l i t y  study, including i t s  
rat ionale , the procedures employed, and a summary of t h e  r e s u l t s  of  t he  various 
t e s t i n g  procedures,has been presented ( r e f .  10 ) .  

Table I presents  a t y p i c a l  on-duty work schedule employed i n  t h e  study. 
Seven d i f fe ren t  performance tasks ,  indicated i n  t a b l e  I by a s t e r i sks ,  were admin- 
i s t e r e d  sequent ia l ly  during each duty period. These w e r e  se lec ted  t o  represent a 
t y p i c a l  workload f o r  a T-day lunar mission. Since these  performance tasks  were 
administered independently, each cons t i tu tes  a separate  subexperiment within t h e  
over -a l l  t e s t i n g  procedure. I n  addi t ion t o  t h e  t a s k  reported here, t h e  informa- 
t i o n  processing t a sk  has been reported i n  d e t a i l  ( r e f .  11). 
descr ipt ions of  t h e  general  procedures used i n  t h e  Ames hab i t ab i l i t y  study have 
been described i n  both r epor t s .  

For convenience, 

I n  t h e  operation of man-machine systems, such as manned space vehicles ,  t h e  
operator i s  commonly presented information necessary f o r  system control  through 
t h e  medium of v i s u a l  displays.  
may require  t h a t  t h e  operator view and in t e rp re t  pa t te rns  of s t imul i  within t h e  
display f i e l d .  
study ( r e f .  1) employing a much l a rge r  l i v ing  and working area.  I n  t h a t  study, 
performance w a s  shown t o  improve s t ead i ly  over t h e  &-day confinement. 

Such displays take many forms. A t y p i c a l  t a sk  

A pa t t e rn  discrimination t a sk  w a s  used i n  a previous h a b i t a b i l i t y  

Invest igators  have generated dot -pat terns  by se lec t ing  elements f rom a 
matrix of po ten t i a l  stimulus elements. 
of various aspects of t h e  r e su l t i ng  pa t te rns  and i s  convenient t o  instrument. 
For example, French (refs.  5 and 6 ) ,  i n  studying the  e f f e c t  of pa t t e rn  complexity 
upon ease of pa t t e rn  iden t i f i ca t ion ,  presented subjects  with arrays o f  2 t o  7 
dots,  paired sequent ia l ly ,  ha l f  of t h e  pa t t e rn  p a i r s  consis t ing of t w o  i d e n t i c a l  
pa t te rns ,  and half  d i f f e r ing  s l i g h t l y .  
varying t h e  pos i t ion  of one dot i n  the  second pa t t e rn  from i t s  pos i t ion  i n  the  
f i r s t  pa t te rn .  The sub jec t ' s  t a sk  w a s  t o  s t a t e  whether pa t t e rn  pa i r s  were "same" 
or "d i f fe ren t . "  H i s  results suggested t h a t  t h e  qua l i ty  of  t h e  subjec t ' s  perform- 
ance var ied according t o  t h e  proportion of changes i n  i n t e r  -dot re la t ionships  
introduced by t h e  displacement. 

Such a procedure allows precise  cont ro l  

The l a t t e r  condition w a s  produced by 

The present inves t iga t ion  w a s  an extension o f  pa t t e rn  discrimination s tudies  
reported i n  t h e  l i t e r a t u r e  and w a s  concerned with t h e  subjects '  a b i l i t y  t o  make 
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accurate responses t o  pat terned stimulus mater ia l  during confinement i n  a 
compartment simulating t h e  s i z e  and general  arrangement of a s m a l l  crew compart- 
ment of a space vehicle .  

PROCEDURE 

General 

Two subjects  were enclosed f o r  7 days i n  a cone-shaped capsule of approxi- 
mately 123 cubic f e e t  of usable volume. The capsule contained two sea t s .  One of 
these  could be rec l ined  t o  provide a cot f o r  t h e  off-duty subject .  One subject 
a t  a time could stand behind t h e  seats and exercise  moderately. Except f o r  
volume, a l l  physical  aspects of t h e  environment (hea t ,  ven t i l a t ion ,  i l luminat ion,  
e t c . )  accorded with usual requirements f o r  human comfort. Some insu la t ion  w a s  
provided t o  diminish noises from t h e  outs ide environment. The i l luminat ion l e v e l  
of t h e  compartment w a s  control led by t h e  subjects .  

Duty cycles were an a l t e rna t ing  4 hours on, 4 hours o f f ,  with one subject 
on duty at a l l  times while t h e  other  res ted .  On-duty s h i f t s  were: 

12  Noon - 4 P.M. Subject S ,  Day s h i f t  
4 P.M. - 8 P.M. Subject R ,  Evening s h i f t  
8 P.M. - 12 Midnight Subject S ,  Evening s h i f t  

12 Midnight - 4 A.M. Subject R ,  Night s h i f t  
4 A.M. - 8 A.M. Subject S , Night s h i f t  
8 A.M. - 1 2  Noon Subject R ,  Day s h i f t  

Various performance tasks  were given the  on-duty subject ( t ab le  I ) .  Tasks 
requir ing information processing, t h e  estimation of t he  r a t e  of a pointer  move- 
ment, assessment of  mission s t a t u s ,  vigi lance,  pa t t e rn  discrimination, navigation 
computation, and t racking were administered. The t o t a l  time required f o r  these  
procedures w a s  s l i g h t l y  over 3 hours of  t h e  &-hour duty period. 

Pa t te rn  Discrimination Task 

Pat terns  were presented by l i gh t ing  chosen elements within a s i x  by s i x  
matrix of lamps. Pa t te rns  appeared i n  pa i r s ;  t h e  presentat ion of a p a i r  of p a t -  
t e r n s  and the  sub jec t ' s  response t o  them cons t i tu ted  one t r i a l .  A standard p a t -  
t e r n  w a s  presented (0.2-sec dura t ion) ,  followed by an i n t e r v a l  i n  which no 
pa t t e rn  appeared (3.0 s e c ) .  
(0.2 s e c ) ,  followed by an i n t e r v a l  (6.0 sec) i n  which no pa t t e rn  appeared. D u r -  
ing t h i s  6-second in t e rva l ,  t h e  subject indicated by pushing one of two buttons 
on t h e  instrument panel, whether he judged t h e  comparison pa t t e rn  t o  be t h e  same 
as t h e  standard pa t t e rn  or d i f f e ren t .  
t r i a l  w a s  begun with presentat ion of t h e  standard pa t t e rn  f o r  t h e  next pa t t e rn  
p a i r .  Approximately 150 t r i a l s  cons t i tu ted  a 25-minute session. Thus each sub- 
j e c t  viewed approximately 6,300 pa t t e rn  p a i r s  during t h e  7-day confinement. 

The second comparison pa t t e rn  was then presented 

A t  t h e  end of t h e  6-second in t e rva l ,  a new 
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The pa t t e rns  w e r e  generated automatically by a d i g i t a l  computer (IBM TOW), 
according t o  r u l e s  furnished by t h e  experimenter, and entered i n t o  the  computer 
program. A new t ape  w a s  generated f o r  every session.  

1. The s t a r t i n g  element ( l i g h t )  i n  t h e  matrix w a s  randomly chosen. 

2. Each subsequent element i n  t h e  p a t t e r n  was  placed by t h e  execution of a 
"random w a l k "  u n t i l  t h e  r e q u i s i t e  number w a s  a t t a ined .  
elements va r i ed  randomly from t r i a l  t o  t r ia l ,  although it w a s  always t h e  same f o r  
t h e  two members of a p a t t e r n  p a i r .  

The number of p a t t e r n  

The number of elements was 3, 4, 5, 6 ,  o r  7 .  

3. The choice of adjoining c e l l s  w a s  not permitted nor could two or more 
c e l l s  intervene between elements. Distance between adjacent elements w a s  thus  
held constant a t  one space except i n  instances of  diagonals where it increased 
s l i g h t l y .  Thus, t h e  average interelement dis tance was r e l a t i v e l y  constant.  

4. The "d i f fe ren t"  pa t t e rn  w a s  rendered d i f f e ren t  by re loca t ing  one element 
i n  t h e  pa t t e rn .  The element t o  be moved w a s  randomly chosen. I ts  d i rec t ion  of 
movement w a s  a l s o  chosen randomly from among t h e  poss ib le  d i rec t ions  and it moved 
only one space i n t o  an unoccupied matrix c e l l ,  never v io l a t ing  t h e  minimum d i s -  
tance requirement i n  3, above. However, it w a s  allowed, i f  necessary, t o  move 
f a r t h e r  than one space from i t s  immediate neighbor. 

5. To increase t a s k  d i f f i c u l t y ,  every comparison p a t t e r n  w a s  ro t a t ed  180' 
from t h e  pos i t i on  of t h e  standard.  

6. The order of p a t t e r n  s i z e  presentat ion and whether t h e  comparison 
pa t t e rn  w a s  t o  be "samefr or "d i f fe ren t"  were randomly determined. 
a rd  pa t t e rn  w a s  compared with both a "same" or "d i f fe ren t"  pa t t e rn  a t  one time 
or another during t h e  study, however. That is ,  a p a t t e r n  with which t h e  computer 
had matched a "same'r or "d i f fe ren t"  comparison w a s  s tored  and later used with a 
"d i f fe ren t"  or "same" comparison pa t te rn ,  as appropriate .  

Every stand- 

Instrumentat ion 

For t a s k  presentat ion,  t he  computer-generated punched paper tapes  were fed  
i n t o  an Electronic  Engineering TR-480 reader .  
of c e l l s  simultaneously. 
vated on a matrix of lamps i n  t h e  desired temporal sequence. Timing w a s  accom- 
p l i shed  by synchronous-motor-driven cams ac tua t ing  microswitches. 

This device reads an 8x10 block 
Pa t te rns  were read and corresponding l i g h t s  were a c t i -  

A General E l e c t r i c  Vidicon w a s  focused on t h e  matrix, and t h e  pa t te rns  were 
presented t o  t h e  subjec ts  on a t e l ev i s ion  screen within t h e  capsule. The sub- 
j e c t s  had no cont ro l  over t h e  cha rac t e r i s t i c s  of t he  p i c tu re .  The p i c tu re  w a s  
adjusted i n i t i a l l y  by t h e  experimenters while viewing a monitor screen outs ide 
t h e  capsule t o  which t h e  sub jec t ' s  screen w a s  slaved. The controls  were not 
touched again f o r  t h e  duration of t he  study. Focus w a s  adjusted by t h e  experi-  
menters, and a f u l l y  closed i r i s  s e t t i n g  w a s  used f o r  a l l  sessions.  This pro- 
vided a uniformly gray background f o r  t h e  white appearing dot pa t te rns .  
were approximately 4 millimeters i n  diameter and t h e  p a t t e r n  f i e l d  w a s  a 

The dots 
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10x10 centimeter square. Viewing distance w a s  29 inches. The matrix i t se l f ,  t h e  
unactivated l i g h t s ,  and other  v i s u a l  cues r e l a t e d  t o  t h e  matrix hardware were not 
viewed by t h e  subjects .  They s a w  only a pa t t e rn  of white dots appearing at t h e  
center  of t h e  screen against  t h e  gray f i e l d .  

The punched paper tape was coded with information designating pa t t e rn  s ize ,  
and whether t h e  pa t t e rn  p a i r  w a s  i n  f ac t  t h e  same or d i f f e ren t .  When t h e  sub- 
j e c t  responded by ac t iva t ing  one of  h i s  two buttons, t h e  r e su l t i ng  s igna l  w a s  
compared with t h e  same-different s igna l  from t h e  tape reader .  Agreement between 
t h e  subject and tape reader ,  or disagreement, was recorded as a pen def lec t ion  on 
a s t r i p  chart  recorder.  
4, 5, 6, 7)  and these were indicated by t h e  def lec t ion  of another pen. 
TV monitor and response buttons were located within t h e  capsule. 

Different  voltages were assigned t h e  pa t t e rn  s i z e s  (3, 
Only t h e  

RESULTS AND DISCUSSION 

Quality of  performance i s  expressed as percentage-of-error scores,  t h a t  i s ,  
t h e  percentage of t h e  t o t a l  responses under a given condition which w e r e  incorrect .  
S t a t i s t i c a l  s ignif icance of  observed differences i n  means w a s  t e s t e d  by nonpara- 
metric methods. The t e s t s  used were the  Mann-Whitney U Test  and the  Friedman 
Two-way Analysis of Variance by Ranks. 

The Mann-Whitney U Test  ( r e f .  14,  pp. 116-127) develops a s t a t i s t i c  ( z )  
which allows a statement o f  t h e  probabi l i ty  (p)  t h a t  two independent samples 
could have been drawn f r o m  t h e  s a m e  population. 

The Friedman Two-way Analysis of  Variance ( r e f .  14, pp. 166-172) develops a 
k ( 3  or 

i s  a function of t he  number of  degrees of freedom ( d f )  with 

s t a t i s t i c  ( X r 2 )  which allows a statement of  t h e  probabi l i ty  (p) t h a t  
more) samples could have been drawn f r o m  the  same population. The value of p 
f o r  a given xr2 
df = k - 1. 

Since t h e  response recording apparatus w a s  not r e l i a b l e  during the  f irst  
day, t h e  scores f o r  t h e  f irst  three  s h i f t s  of each subject could not be used i n  
t h e  ana lys i s .  Base-line data,  secured on t h e  day p r i o r  t o  confinement, showed a n  
e r r o r  r a t e  of approximately 20 percent.  Since t h e  amount of  t h e  data secured w a s  
small and conditions were not well  controlled,  t h e  20-percent f igure  i s  not 
considered reliable.  

Tota l  Error 

The mean e r ro r  (both subjects  under a l l  conditions) i s  8.7 percent.  Subject 
R ' s  mean e r ro r  i s  8.3 percent; subject S ' s  i s  9.1 percent.  
between these  subject means i s  not s t a t i s t i c a l l y  s ign i f i can t  ( U  t e s t ,  z = 1.27, 
N.S. ) .  

The difference 
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Day -by -Day Performance 

Figure 1 presents  t h e  e r ro r  scores, separately f o r  subjects ,  f o r  each day of 
t h e  confinement. 
sions ( t w o  sessions during each of three s h i f t s )  of t h e  pa r t i cu la r  day. I n  gen- 
eral, performanee tended t o  improve during t h e  ear ly  days of  t h e  confinement, and 
become s l i g h t l y  worse toward t h e  end. Subject R ' s  data  exhibi t  a much more regu- 
lar  t r end  than do subject  S ' s .  
t e s t e d  by comparing t h e  scores on days 2 and 3, with 4 and 5, and with 6 and 7,  
t h e  pa r t i cu la r  d iv is ion  r e f l e c t i n g  t h e  general  U-shape of t h e  curves. S i g n i f i -  
cance was establ ished f o r  t h e  day-to-day differences i n  the  subjects '  combined 
scores (Friedman tes t :  Individually,  subject R ' s  
scores show a s ign i f i can t  over -a l l  va r i a t ion  over days (Friedman t e s t :  
df = 2, p < 0.05), but subject S ' s  do not (Friedman t e s t :  
p between 0.05 and 0.10). 

Each point represents  t h e  mean e r r o r  f o r  t h e  s i x  t e s t i n g  se s -  

The s ignif icance of t h e  observed differences w a s  

X r 2  = 9.3, df = 2, p < 0.02) .  
X r 2  = 5.9, 

Xy2 = 4.7, df = 2, 

Effects  of Time o f  Day 

Figure 2 presents  t h e  mean percentage of e r r o r  score as a function of t h e  
time o f  day (day, evening, or  night s h i f t )  a t  which t h e  data were recorded, with 
data f o r  a l l  days combined. Means f o r  each subject ,  and f o r  t he  subjects '  data  
combined a re  shown. It w i l l  be seen t h a t  t he re  w a s  some va r i a t ion  i n  performance 
r e l a t e d  t o  time of  day, with a tendency f o r  r e l a t i v e l y  poor performance t o  occur 
during the  day s h i f t ,  b e t t e r  during the  night,  and best  during the  evening s h i f t .  
While t h e  differences seem small, they a r e  shown t o  be s ign i f icant  fo r  t h e  com- 
bined data (Friedman tes t :  X r 2  = 6.1, df = 2, p < O.O5), although not f o r  e i t h e r  
sub jec t ' s  data  alone (Friedman t e s t :  subject R ,  xr2=1.99,  df = 2, N.S.; subject 
S, xr2 = 5.16, df = 2, p between 0.10 and 0.05).  
t h a t  most of  t h e  v a r i a t i o n  i n  performance associated with s h i f t  can be a t t r i b u t e d  
t o  subject S .  

However, it seems indicated 

The reason f o r  t h e  pa r t i cu la r  hierarchy of  s h i f t s  cannot be determined f rom 
t h e  data.  
t h e  day ( i .e . ,  t h e  off-duty subject awake and converse with t h e  on-duty subject ,  
and a grea te r  volume of conversation between t h e  subjects  and experimenters) w a s  
d i s t rac t ing ,  and influenced performance adversely. It might be f r u i t f u l  t o  
include amount of  d i s t r ac t ion  as an experimental var iab le  i n  fu ture  s tud ies  of 
t h i s  kind. 

One possible  explanation i s  t h a t  t h e  grea te r  general  a c t i v i t y  during 

Pa r t i cu la r  i n t e r e s t  ex is ted  i n  discovering any in t e rac t ive  e f f ec t s  of s h i f t  
versus duration of confinement. That i s ,  as  t h e  confinement progressed, would 
any observed differences i n  performance r e l a t e d  t o  s h i f t  tend t o  increase,  
decrease, or remain t h e  same? 
age of  e r ro r  scores separately f o r  t he  t e s t .  The Friedman t e s t  was applied t o  
these data  ( t a b l e  11). While t h e  X r 2  associated with subject R's scores on t h e  
l a s t  t w o  days i s  somewhat higher than those f o r  days 2-3 and 4-5, t h e  obtained 
value fa l ls  far short  of t h a t  required f o r  s ignif icance.  Subject S ' s  data  show a 

Figure 3 presents t h e  s h i f t - r e l a t e d  mean percent-  
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t r e n d  of decreasing e f f e c t  of s h i f t  with t h e  passage of t i m e .  I n  h i s  case it 
can be s t a t e d  t h a t  t h e  e f f e c t s  of s h i f t  tended t o  disappear as t h e  confinement 
progressed . 

Within -Shift  Changes 

I n  order  t o  evaluate  wi th in-sh i f t  changes, t h e  scores  obtained from t h e  
sessions at t h e  beginning of  s h i f t s  w e r e  compared with those  from sessions at t h e  
end of s h i f t s .  
second session of t h e  s h i f t ,  as a percentage of t h e  t o t a l  e r r o r s  f o r  both ses- 
s ions.  Each point  i s  a mean percentage of e r r o r  score f o r  a p a r t i c u l a r  subject ,  
combining a l l  s h i f t s  f o r  t h a t  day. A r e l a t i v e l y  high pos i t i on  on t h e  f igu re  
means t h a t  performance declined on t h e  average over t h e  course of t h e  sh i f t s  on 
t h a t  day, while a r e l a t i v e l y  low pos i t i on  means t h a t  performance improved. The 
50-percent l i n e  represents  no change from t h e  f i r s t  sess ions  t o  t h e  second. 

Figure 4 shows, by k y s ,  t h e  e r r o r s  made by each subject  on t h e  

Over-all  (combining t h e  da ta  f o r  a l l  days),  subject  S ' s  performance tended 
t o  improve during t h e  la te  sess ion  compared w i t h  t h e  ear ly ,  45.1 percent of h i s  
t o t a l  e r r o r  occurring during t h e  la te  session of t h e  s h i f t s .  T h i s  d i f ference i s  
not s t a t i s t i c a l l y  s ign i f i can t ,  however ( U  t e s t :  z = 0.90, N.S.). Subject R ' s  
performance tended t o  worsen over s h i f t ,  h i s  comparable mean e r r o r  being 54.4 per- 
cent (U t e s t :  z = 1.69, p < 0.05) .  

Trends over t h e  course of confinement are qu i t e  d i f f e ren t  f o r  t h e  two 
subjec ts .  Subject R ' s  wi th in-sh i f t  decrement d id  not vary s i g n i f i c a n t l y  over 
days (Friedman t e s t :  Xy2 = 1.26, df = 5, N.S.). Subject S ' S  performance tended 
t o  improve during t h e  s h i f t  f o r  t h e  f i r s t  3 days of t h e  confinement (days 2, 3, 
and 4, M = 37.9), but worsen during t h e  last  3 ( M  = 52.3) .  The change over days 
i s  s t a t i s t i c a l l y  s ign i f i can t  (Friedman t e s t :  X r 2  = 11.35, df = 5, p < 0.05) .  

Effect  of Varying Pa t t e rn  S ize  

Figure 5 p l o t s  each sub jec t ' s  percentage of e r r o r  and t h e  percentage of 
e r r o r  f o r  t h e  two sub jec t s '  da ta  combined, as a funct ion of p a t t e r n  s i z e .  The 
form of t h e  curve i s  as expected ( re fs .  2 and 3 ) ,  w i t h  a l i n e a r  increase i n  e r r o r  
t o  a p a t t e r n  s i z e  of s i x  dots,  and a s teeper  r i s e  t o  seven (combined d a t a ) .  
v a r i a t i o n  across  p a t t e r n  s i z e  i s  highly s ign i f i can t  f o r  both subjec ts  (Friedman 
t e s t :  subject  R ,  X r 2  = 32.0, df = 4, p < 0.001; subject  S, X r 2  = 34.1, df = 4, 

The 

p < 0.001). 

The primary reason f o r  including p a t t e r n  s i z e  as an experlmental va r i ab le  
w a s  t o  t e s t  t h e  hypothesis t h a t  i n t e r a c t i v e  e f f e c t s  would be observed r e l a t e d  t o  
t h e  number of dots  i n  t h e  p a t t e r n  (va r i a t ion  i n  t a s k  d i f f i c u l t y )  and var iab les  
influencing t h e  ove r -a l l  level  of performance during a session.  It might be 
expected t h a t  performance decrements assoc ia ted  with t i m e  of day, with days of 
confinement o r  occurring during a s h i f t ,  would be g rea t e r  i n  magnitude f o r  t h e  
more d i f f i c u l t  pa t t e rns .  Inspect ion and ana lys i s  of t h e  data f a i l e d  t o  r evea l  
any such in t e rac t ion .  



General Evaluation of Performance 

While some v a r i a t i o n  i n  t h e  qua l i t y  of performance w a s  observed, r e l a t e d  t o  
durat ion of confinement, t i m e  of day, and on-duty a c t i v i t i e s ,  it i s  thought t h a t  
performance ove r -a l l  remained sa t i s f ac to ry .  
e r r o r  due t o  p a r t i c u l a r  conditions (other  than  p a t t e r n  s i z e )  w e r e  small, and i n  
no sense d id  performance "break down" at any t i m e .  Differences between t h e  pres -  
en t  experimental s i t u a t i o n  and t h e  a c t u a l  opera t iona l  s i t u a t i o n  suggest t h a t  i n  
t h e  la t te r  case b e t t e r  performance might be expected, due t o  g rea t e r  motivation 
ex i s t ing  i n  t h e  real  s i t u a t i o n .  Factors ,  such as t h e  lack  of real ism i n  t h e  t a s k  
and t h e  lack  of feedback concerning t h e  adequacy of t h e  performance, suggest t h a t  
t h e  present s i t u a t i o n  may represent  a worst case from t h e  motivation standpoint,  
and t h a t  t h e  genera l ly  good performance can be considered encouraging. It i s  
believed t h a t  t h e  results of t h i s  t a s k  support t h e  conclusion t h a t  t h e  capsule 
configurat ion t e s t e d  i s  habi table ,  under t h e  conditions of t h i s  experiment, s ince  
prof ic iency i n  a p a t t e r n  discr iminat ion t a s k  w a s  maintained during a 7-day 
continuous occupancy. 

Variat ions from t h e  ove r -a l l  mean 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett F ie ld ,  C a l i f . ,  Apr i l  26, 1963 
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TABLE I - - SAMPLE WORK SCHEDm 

Subject R - Days 2-3 

6-7 
4-5 

S h i f t  No. 20 
Monday, Apr i l  2, 1962 

Subject R on duty 

4:OO P.M. Medical monitoring 
4:15 *Rate estimation 
4:35 *Vigilance 
4: 45 *Pattern discrimination 
5 : l O  *Mission s ta t  us monitoring 
5:15 "Navigat ion 
6:io Rest per iod  
6:25 q r a c k i n g  
6:45 *Information processing 
7:15 *Vigilance 
7 :25 "Pattern discrimination 
7:50 Rest 

O f f  -duty per iod  begins 
- 

8:oo 
%Performance t a s k s  

0 . 5  N . S .  
0 .5  N.S. 
3.15 N.S. 

TABLE 11. - RESTJIPS OF THE FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE, TESTING SHIFT 
DIFFERENCES SEPARATELY FOR DAYS 2-3, 4-5, AND 6-7 OF THE CONFINEMENT 

1 Subject S - Days %: 
0 . 5  

0.042 

N . S .  
0.125 
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Figure 1.- Mean percentage of error by days. Each point  represents  a subjec t ' s  
mean score for s i x  sessions ( th ree  s h i f t s ,  two sessions each).  
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Figure 2.- Mean percentage of error by shift. Data for a l l  days a re  conibined. 
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Figure 3.- Mean percentage of error  by shift. Data for days 2-3, 4-5, and 6-7 are presented 
separately . 
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Figure 4.- Error associa-ed with t h e  second session of s h i f t s  as a percen-bage 
Each poin t  i s  a mean percentage of t h e  t o t a l  e r r o r  made on both sessions.  

of e r r o r  score f o r  a sribject, conibining a l l  s h i f t s  f o r  a given day. 
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Figure 5.- Mean percentage of e r r o r  a s  a function of p a t t e r n  s i z e .  Data f o r  
a l l  s h i f t s  a r e  conibined. 
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